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The Sky as Inspiration

The color ofilight-has inherent. gualities that
nave not beencompletely understeod:allwe
Need to do IS leokite the sky!

Using Lighttwith imereniue;
[IKETNEISKY;

- Nmpreves\VisualtACUIL

QuickTime™ and a ‘ NACTEAaSES BHENINESS

TIFF (Uncompressed) decompressor

are needed to see this picture. PENce ptiOn
* PATIEctSICIcadiantRayiim




How Spectrum Affects Vision & Perception

And increased brightness /
perception Smaller pupils,

\/

Peripheral photoreceptors are [ SR NIE| I

more highly activated, leading
to...




Can We Use Spectrum In Lighting?

Uestion:

What Nappens WhieER We InCrease lighieEVvEIS?

Ils get smaller, spaces seem brighter, and
we see more clearly...

What happensiwhenwerade ol UeotneNgit
(but den’t Increase tieNgnEIEVE!)?

% Pupils get smaller, Spaces seem brighter, and
we see more clearly...
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http://upload.wikimedia.org/wikipedia/commons/a/a5/CIE_illuminants_D_and_blackbody.gif

adding/blueto alighl:SOULCENIKE:

\ms_rea SINGANELIgnIEVE] 74
YES

-+ Under-the followin g/ CONAIENSS
1 Full Field e View.
“lluminance rangerois=1.000 SUXAE =10 0 NECT)

ENNancing tnesSpECIUMOIAIGRIAGCIOPUMIZENISUE
aifaet is callad “ Spectrally Enhanced Lighting”

11 August 2009 © 2009, Afterlmage +space,inc 5



Light Levels Increase Visual Acuity...

lluminance Recommendations

Y
S
B
3
3
X

Linear Range:

Visual acuity is

improved as

illuminance is
oz

mcreased
F) !‘ ——-
-5 -4 -3 -2

Log I ~ mills /am;b rf:s

Light Level recommenaations
are based on well-establishea

princIple:

JRISHsHinearbetweensand
1000 xsassuming 0%
eflectance:



..and so does Spectrum!

nterior Lighting:

We conditions of a full field of view, light
with e blue increases visual acuity

s
* [ separate’studIES=iromMISChO0l/CHllUENNE.
rEtrees.
** Nearyalldignhting researCnersSiay L EEMNILNANESE
[NAINGS:
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Interior Light Levels Based on Visual Acuity

IESNA llluUminance Levels:

Categony. E: 1000 Ix Light Levels for
“Common Tasks”
Increase to improve
visual acuity for tasks;

low contrast, small size

Category. E: 50071

_ . If Spectrum also
nigh contrast; small'size Improves visual

oW contrast; largeisize acuity, shouldn’t it
count too?

Categen/ Dr 00X
highicontrast;largeisize

Do you See?



The Concept of Visual Effectiveness

Visual Effectiveness Method:

Combines visual benefits from light level AND spectrum

Better Vision

Bright High CCT
(1000 Ix)

Dim (5 Ix) Low CCT




Visual Effectiveness: The S/P. Value

qﬂ S/P\aluelisia properfy ofia lamplandiis
ndependentoflightlevel(formeSuESOUICES):

>/PValues:are useain\Visual ENEClVENESS
formulasitermoedifyligatng calculatcens:

* 1 SIPValues can herohtalnedrenmilanmp.
Mmanuiacturers
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Visual Effectiveness: The S/P Value

7500°K Fluorescent lamp

Sun + Sky (CIE D65 lluminant)
Early Sulfur lamp

Sun (CIE D55 llluminant)
Daylight Fluorescent

6500°K Fluorescent (RE865)
Metal Halide (Thallium/Dysprosiunm/Holmium)
5000°K Fluorescent (RE850)
4100°K Fluorescent (RE841)
4100°K Fluorescent (RE741)
Quartz Halogen (~3200° K)
Metal Halide (Sodium/Scandium)
Cool White Fluorescent

Lamp Types

Incandescent (2850° K)

White High Pressure Sodium (50W)
Warm White Fluorescent

Clear Mercury Vapor

High Pressure Sodium (50W)

High Pressure Sodium (35W)

Low Pressure Sodium

S/P Ratios of Various Lamps

.47
.47
2.32
2.28
222
214
21
1.96
1.62
1.54
15
1.49 c
i The S/P Value:
141 @ Is a property of the lamp
, L4 @ Is independent of light level
08 @ You can get this value from
0.62 lamp manufacturers
04
0.23
0 0.5 1 S/Perétio 2 25 3
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The Visual Effectiveness Model

Visual Effectiveness Charnit

Visual Effectiveness

Adding spectral benefits makes
lighting more visually effective:

For Visual Acuity, Equal
Visual Effective llluminance is:
VEE = P*(S/P) "8

VEE @

Lamp‘ S/P ‘400|x

200 300 400 500 600

Photopic Illuminance (Ix)




The Visual Effectiveness Model

Visual Effectiveness Method for Determining Light Leve

1 Step 3:

The new photopic illuminance is
the point where the Visual
Effectiveness value intersects the
8C VE/E slope of the new light
source.

10

60

Lighting Calculations can now
be performed with this as the
target illuminance - with equal
visual acuity for paper tasks.

le

Photopic Il




The Visual Effectiveness Model

Visual Effectiveness Method for Determining Light Leve

12

10 Simply lowering the illuminance
reduces Visual Effectiveness.

Difference in
80 Visual Ability

In order to maintain equivalent
60 visual ability, spectral benefit is
necessary.

le

Photopic Il




(Shift SPectrmTowara Blte

~

\_

Ennances Vistal"Response

~

/

{ Smaller*PupIis }

Increased \Vistial"Acuity

Visual Effectiveness:
Conceptual Model

Increasea BrightnesstPerception

. Reduce Light Level —> Save Energy:

_ _
y )
Y 4



http://images.google.com/imgres?imgurl=http://www.kwhlighting.com/static_images/compact_fluorescent4.jpg&imgrefurl=http://www.kwhlighting.com/Merchant2/merchant.mv?Screen=CTGY&Category_Code=L-F-CD&h=150&w=150&sz=3&tbnid=7qFl0GuQ-ZAJ:&tbnh=90&tbnw=90&start=54&prev=/images?q=compact+fluorescent&start=40&hl=en&lr=&sa=N

Implementing SEL

e BJIL!JI'T/ e (I
*RAlEd LampSipeRBal

istan ‘3urz, r)f'OJI' AIMMEUsStant)

—_—

“ [
AST

“INUMBER e LampS epeEatedionNsallast
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Implementing SEL in Retrofits

Sep 2: Determine New LUmens:

- Determine new Lumens for SEL lampriinat
are visually:eguivalent te baselinelamps

(S/ P )base jJS

Lumens,, = Lumensbase(—

(5/P)se

L Getthe S/P values remilampimanufacturess;
Some ISt themen thelRWeRsItes/Calalees



Implementing SEL in Retrofits

Example:

- Baseline = (3) 735 lamps, 2850 LUmensiea:;
S/P=1.30; Nermal Ballast Factor= .86

- SEL Lamp: High' Periermance 850, S/P =195

1.30

1.95

- WWhat compination e 8501 ampsranaieallasts
can e Used terachievertniSttareer?

18
j = 5360

Lumens,g, = 3 x 2850 x (.86) x(




Implementing SEL in Retrofits

S = 3100 CUmeERSs ea:

Wolumons:
* Keep 3 lamps: 38100, = 9300:; B =857

*De-lampiter2: 2 X 3100/'=62008BE =885

* ' Best Soelution: DeslampranduserNermaiiBE
Ballast.
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Energy Savings Potential

ased Efficiency. e Nergy: Savings

Equiv. \ EHHclE
visually /ISsUallyFEfficient

Lumens S/P Efficient Energy CUMERS Canioe:
Lamp (Catalog) Value Lumens Savings calculated frem

850 3rd 2860 1.95 4815

ampicataleg
Valles and 'S/P:
— Valles:

ThENpotEntial
ENENGY SaVings
galned py using
350N ampsrare
Significant:
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Energy Savings Potential

Ballast Lumen EOL Energy
Lamp Tech Maint Efficacy Savings

850 3rd EE IS 92% 145

Ballastss
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OptimumieRErgy.
SaVINGS COME
When retrefitting
With therss0Nam
andmewextia
SfficIEnt electionic

pallasts:

40906 ERENgy.
SaVingsHem
AUIENAINSS
ampsieanallasts:

21



SEL Economics

CKeAUE LONNCTEASEGENENTY SAVIRYS

AIE0 O DONNOLRINGE
yback ISEELY2EYealS
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Achieves Goal for Lighting Power Density

SEL + Premium Ballasts:

k’lf"ﬁb' arget goal o1 405 reauction oi;
ARAE 90.1-2001LPD'S

B Forr Offices; typicallltP DS al 2 £ PEIGWETS
Wisg. it. = lewerwith taskiampientHighting

SEL Is the easiest way to comply with
the most stringent energy codes
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Avoid Low-Wattage Lamps

QJW \Wattage T8 lamps (30, 28; 25 \Watts):
* Reguires Speciiic vallasts
* 'Reguire warmer: ernperaz €S (AC dIffUSErS)
»ﬂruve IMITAUGRASIGRANEMOIENIHNGNENTLNS

- Long wanm:=up time (DaCNeRCORIEENCE
[OOMS)

~Can't ke dimmea
32-Watt T8's assure permanent load
Jfeduction - low, watiage.lamps do not! ,,



SEL - Key Points

Simpler:.. Really!

N0 SpeciallEqguipmentiNecessary/

-« ReducedMaterialSIGoSst:
* Reduces Energy;/ANDIDEMandlioad
«|S;avallable NOW;
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A Common Question - Will People Like [t?

TThe “Bias* Against High' CClIr Lighting

'In'the United States, many lighting deSIGRErs
believe that people’ prelfenr warm coleredignt:

- ' This s a learned Belies; Ighting tEXIEEKS
often cite a 19380 s;study/ ClaiminegtnIs
preference - this has heEenidiScrediiedimany
limes; oVerthellasiiSeveral/deCaues:

RIS wanrm-coleredlighiprelerencelsiot
feuUnd IRrmany CIIERCOURIHES:




Testing SEL in Real Applications

* nfermal study using 850 lamps: NO: ehjeclionSHotie
color of the lightings even withrlewered lightilevelss
UCOP Study,

ormal Study; Comparediss0VS 885 DEmoenstiated
Occupant acceptance 850 UnterIoWeRIghtieVvel:
+1 2006 Eield Study (with PN

@ 3 J.uldng COMpPIEIE!Y IEtONEWIN 6 S ONaMPSIENe!
anaara nallastSiEeemonstiatedieqiiaifeceupant
[

L) (—}I—'

‘:)
SatiSfaction eEWEEn Pre-IetofitflightungranesSELS
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ldeal Solution for Office Spaces

SEL LLightingiSianienengyssavingrandmmght
JualityAIigntingrsoluticn:

- 11 August 2009 © 2009, Afterlmage +space,inc 28



Widespread Acceptance - SEL Works!

Q PJrr rLJe, me
* . Amtrack

Our experience has shown consistently high
satisfaction with (850) Spectrally Enhanced Lighting
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The Preference: Be More Like Daylight

And Why: \Not...

ihe 8501 amprnasiamign
CRIFANANSIMUCHICIGSEN,
o daylightithan moest
UGHKESCENIampPsS:

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

ATCOommoenicomment
OMOCCURANTSE




Thank you for your time.

Questions?

Sm.u:,ggj

ﬂer]mrge + Qge S

n@a

olf|

ps
ps

[Space.com

For more information, see:
www.eere.energy.gov/buildings/tech/lighting/sel
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